Objectives: The role of the immune system in head and neck squamous cell carcinoma is controversial. The aim of our study was to analyze full blood counts and distribution of T cell subsets in patients affected by laryngeal squamous cell cancer (LSCC) and their association with clinical variables and survival.
INTRODUCTION
Laryngeal squamous cell cancer (LSCC) represents one of the most common neoplasms among head and neck squamous cell carcinomas (HNSCC) and it is one of a few oncologic diseases in which the 5-year survival rate has decreased over the past 40 years, from 66% to 63%, although its overall incidence is declining. 1, 2 Carcinogenesis is a multifactorial process that has not been fully elucidated, and the role of immune system in the etiopathogenesis and progression of many cancers is a topic of paramount interest, especially in recent years. 3 Indeed, these aspects have been thoroughly investigated in many types of solid tumors, allowing a number of immunomodulatory and/or immunostimulating drugs to be actively investigated in clinical practice. [4] [5] [6] [7] [8] The immune surveillance theory assigns specific roles to different leukocyte populations: neutrophils, macrophages, and lymphocytes T-helper 2 (Th2) induce a cytokine environment favoring chronic inflammation, typical of neoplastic diseases, while natural killer cells, CD8 + lymphocytes, and major cytotoxic response factors comprise tumor suppressor populations. However, despite extensive research, reliable systemic inflammatory markers with diagnostic and/or prognostic value are still lacking.
In recent years, there has been rising interest in the use of systemic hematological markers as promising prognosticators in malignancies. For instance, lymphocytopenia, as well as thrombocytosis, have been associated with a higher risk of development of colorectal cancer and mortality. 9, 10 The neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR), parameters derived from routine pretreatment full blood count, have been recently investigated in a variety of malignancies in which higher pretreatment ratios have been associated with worse prognosis in terms of mortality and recurrence rates. [11] [12] [13] To the best of our knowledge, few investigations have considered this topic in the head and neck literature, with particular emphasis on LSCC. [14] [15] [16] [17] [18] [19] [20] Our study aimed to investigate how the immune system might change in patients with LSCC compared to a control group of subjects treated for a nonneoplastic, noninflammatory disease, and to investigate a possible association with clinical-pathological characteristics and prognosis.
MATERIALS AND METHODS
We enrolled 65 patients treated with curative intent for primary or recurrent LSCC from March 2015 to June 2016 at the Department of Otorhinolaryngology, Head and Neck Surgery, University of Genoa, Italy. Ethical review and approval was not required for this study in accordance with the national and institutional requirements; however, every patient preoperatively signed a consent form for disclosure of privacy in managing personal data for scientific purposes in accordance with the Declaration of Helsinki.
The only inclusion criterion was surgery with curative intent for LSCC. Exclusion criteria were: known distant metastatic disease, previous cancers at other sites, immunological disorders, longterm steroidal treatments, active concomitant infection or history of chronic inflammatory conditions except for chronic obstructive pulmonary disease, commonly observed in this patient population due to widespread smoking; missing full blood tests or lymphocyte counts. As a control group, we used a cohort of 48 subjects (40 males and 8 females), matched for gender and age, undergoing surgery for nasal septoplasty at the same Department.
The clinical and pathological variables analyzed were: age at diagnosis, gender, smoking habit, status (i.e., first treatment vs. recurrence), site (glottis vs. supraglottis), TNM classification according to the 8th Edition, 21 and grade. For survival analysis, we considered the disease-specific survival (DSS), defined as the time between the date of the surgery and the date of cancer related death or last visit.
Routine full blood tests were obtained at pretreatment workup for all patients (oncologic cohort and control group), and the immunological parameters taken into account were the red blood cells, white blood cells (WBCs), neutrophils, and lymphocyte counts. For the oncologic cohort, quantitative analysis of CD3 + , CD4 + , and CD8 + T lymphocyte subpopulations was also performed by cytofluorometry (FACS CANTO II Cytometer, Becton Dickinson, San Jose, CA, USA).
The NLR was defined as the absolute neutrophil divided by absolute lymphocyte counts. 22 The PLR was considered as the absolute platelet divided by absolute lymphocyte counts. 14 We also evaluated the CD4 + /CD3 + , CD8 + /CD3 + , and CD4 + /CD8 + ratios defined as the ratios of the absolute counts of the respective T-cell subpopulations.
Statistical Analysis
Categorical data, including patient demographics (age, gender, and smoking habit) and clinical-pathological characteristics (status, site, T and N categories, staging, and grade) were displayed as frequency counts and percentages. Shapiro-Wilk test of normality was applied to continuous variables (age, immunologic cells counts, NLR, PLR, CD4 + /CD3 + , CD8 + /CD3 + , and CD4 + / CD8 + ratios). Subsequently, a nonparametric Mann-Whitney test or Fisher's exact test were chosen for group comparisons, as appropriate. As an age of more than 60 years has been proved to be an independent prognostic feature for DSS in HNSCC and LSCC, we selected 60 years of age as the cutoff point. 23 Univariate survival analyses for DSS were calculated using the Kaplan-Meier method and the differences in rates were assessed by log rank test. The Cox proportional-hazards model was applied for multivariable analysis. GraphPad Prism software Version 6.0 (San Diego, CA, USA) and R (version 3.3.1) were used for statistical analysis. In all tests, being tested two-sided, a P < .05 was considered statistically significant.
RESULTS
Sixty-five patients (57 males, 8 females; mean age, 68 years; range, 41-83) treated with curative intent for primary or recurrent LSCC were enrolled. Fifty-one patients (78%) underwent transoral laser microsurgery, 11 (17%) total laryngectomy, and 3 (5%) open partial horizontal laryngectomy; clinical and pathological features are summarized in Table I . A control group, composed of 48 subjects (40 males and 8 females), matched for gender and age, undergoing surgery for nasal septoplasty at the same Department was identified.
The oncologic cohort of patients was comparable to the control group according to age (P = .3), gender (P = .59) and presence of comorbidities (P = .85; Table II ). In patients affected by LSCC, the total amounts of leucocytes and neutrophils were significantly higher than in the control group (P = .001 and P < .0001, respectively). The NLR and the PLR were also higher in LSCC patients compared to the healthy group (P < .0001 and P < .0001, respectively) (Table II and Among the oncologic cohort, NLR was significantly higher for the supraglottic than the glottic site (P = .046), and PLR was higher in patients younger than 60 years compared to older ones (P = .04). In patients treated for recurrent disease, compared to those previously untreated, the CD8 + /CD3 + ratio was significantly increased (P = .02), while the CD4 + /CD8 + and CD4 + /CD3 + ratios were lower (P = .03 and P = .04, respectively). In patients with lymph node metastases, compared to those without, a significant increase of the WBC (P = .02), CD3 + (P = .04), and CD4 + lymphocytes count (P = .01) was seen (Table III) .
Comparison between healthy subjects and LSCC patients and within the oncologic cohort itself did not reveal any other significant differences in the levels of immune cells or their ratios (Tables II and III) .
The mean DSS was 38.6 months (95% confidence interval: 36.6-40.6); among the entire cohort 11 patients (17%) developed recurrence during follow-up time, and 5 of them died for disease progression. As all events of death related to the disease were observed among patients in Stages III-IV, further survival analysis was performed in this subgroup. Among preoperative full blood results, for each continuous variable, the median value was chosen as the cutoff. Low leukocyte and low lymphocyte counts were associated with worse DSS (P = .02 and P = .003, respectively) (Table IV and other significant prognostic variable, among clinical data or blood exams, was found (Table IV) . The multivariable analysis confirmed the significantly independent adverse prognostic value of having lower WBC count for DSS (hazard NLR = neutrophil-to-lymphocyte ratio; PLR = platelet-to-lymphocyte ratio; PLT = platelets; Risk factors = perineural invasion and/or lymphovascular invasion; WBC = white blood cells. ratio 0.419, P = .045; Table V) , adjusted by lymphocyte count and recurrent disease as a clinically relevant variable.
DISCUSSION
Already in the nineteenth century, Rudolf Virchow underlined the intimate relationships between inflammation and malignancy based on the presence of leukocytes in neoplastic tissues, while only 30 years ago Dvorak showed how wound healing and tumor stroma formation are linked by many important properties. 24, 25 Moreover, malignant cells themselves secrete proinflammatory cytokines. For all these reasons, the persistence of a noxious stimulus induces the presence of lymphocytes, macrophages, and neutrophils in that tissue. 26 Chronic inflammation secondary to different causes has been associated with one-third of all tumors. The tumor itself maintains chronic inflammation, leading to the production of interleukins 4 and 5 (IL 4 and 5) and cytokines associated with Th2 cells, whereas interferon gamma is associated with Th1 responses. Regarding inflammation, tumors represent a paradox: they produce inflammatory cytokines and chemokines, but are infiltrated by leukocytes. 27 However, these are associated with a poor capacity to initiate inflammatory reactions at sites other than tumors, and circulating monocytes from cancer patients are notably defective in their ability to respond to cytokines.
Several studies have linked oncological outcomes with circulating neutrophils in a wide variety of tumors. [28] [29] [30] In the last decade, a rising number of authors reported the role of both peripheral blood and tumor infiltration neutrophils or lymphocytes in HNSCC, 31 with an even more prominent role given to the NLR. 13, 15, [32] [33] [34] HNSCCs include a vast variety of tumors in terms of biological behavior and histologies, and not discerning among that multitude may lead to a mixture of results that cause the inherent heterogeneity observed in various subsites in terms of etiologies and survival rates.
Different studies have recently demonstrated that the robust infiltration of HNSCC by CD3 + and CD8 + T cells is a favorable prognostic factor. 35 Wolf et al. carried out an elegant study on 40 patients affected by HNSCCs: the patterns and degrees of lymphocyte subpopulation infiltration in tumor parenchyma and stroma did not differ by tumor site, except for LSCC. 36 Kum et al. have also shown that NLR may be a useful marker to differentiate SCC patients from those with benign or precancerous lesions, as it is increased in the former. 37 Wong et al. 38 also showed that patients with Stages III-IV LSCC have a higher NLR than those with Stages I-II lesions. Moreover, the prognostic significance of NLR in terms of both overall survival and progression-free survival was also confirmed by multivariate analysis in a large cohort of 654 patients treated for LSCC. 18 Another study evaluated the role of systemic and local inflammation in predicting outcomes in patients with LSCC, finding that markers of systemic and local inflammation, especially PLR and tumor infiltrating lymphocyte density, are reliable prognostic factors. 39 The PLR, also correlated with inflammation and malnutrition, has been associated with poorer cancer-specific survival at both univariate and multivariate analysis in a large cohort (n = 899) by Mao et al. 17 Starska et al. studied the function of peripheral CD4 + and CD8 + T cells in LSCC, finding an association between high local stage and the presence of early activation antigens on these cells. 19, 20 However, the NLR, PLR, and the simultaneous analysis of the subpopulations of CD3 + , CD4 + , and CD8 + T cells in peripheral blood samples have never been previously investigated in LSCC, in particular discerning different lymphocyte subgroups in primary or recurrent LSCC. The known bias considering also previously treated patients, enrolled at the time of salvage surgery, was managed including such variable in all analysis and being the investigation of peripheral blood population changes in those patients one of the main objectives of the study. Our results confirm that the levels of circulating leukocytes and neutrophils are higher in LSCC patients compared to healthy subjects. The result about the worse prognostic value of a low level of leukocyte count, also confirmed by the multivariable analysis, is in agreement with the study of Hsueh et al. on a huge cohort of 979 patients affected by LSCC that demonstrated its independent prognostic significance for DSS at multivariate analysis too. 16 Moreover, since the CD8 + /CD3 + , the CD4 + /CD3 + , and the CD4 + /CD8 + ratios are significantly different in patients treated for recurrence compared to untreated ones, we propose to integrate these easy and reproducible tools in the follow-up of previously treated LSCC patients, as previously it has also been shown a decreasing of lymphocyte count at the time of recurrence in patients treated for head and neck cancer. 40 In our series, as previously observed by Drennan et al. in 2013 for laryngeal and oropharyngeal cancers, the levels of CD3 + and CD4 + are higher in patients with positive nodes than in those presenting an N0 neck. 41 This finding could be explained by the inflammatory reaction developing in the presence of lymph node metastasis and advanced stages of disease. On the other hand, González et al. found an opposite relationship, but in their study only the relative frequencies of T cell subsets were considered instead of their absolute counts. 42 In fact, it is well known that patients with more advanced disease have significant systemic immunological changes, including decreased numbers in activated dendritic cells, an increase in regulatory T cells, depletion in PD-1 expressing T cells, and poor T cell function. 43 
CONCLUSION
In conclusion, while other HNSCCs have been investigated more thoroughly, information on systemic inflammatory markers and peripheral T cell subsets is lacking in LSCC. Our preliminary study demonstrates that significant changes in the peripheral immune system could have a role in the development of LSCC or either could be a systemic effect of it. Among patients affected by advanced stages LSCC (Stage III-IV), the preoperative leukocyte and lymphocyte counts, for their low cost and most of the cases available yet, could be interesting biomarkers for DSS to be further validated in wider analysis.
